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PROBLEM TO BE SOLVED: To provide a nitride-based III group 
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SOLUTION: A GaN layer 31 is etched to form islands in a spotty 
pattern, a stripe pattern, or a lattice pattern in such a way that the 
horizontal cross sectional area approaches zero as the cross 
section moves far from the substrate plane. A mask 4 capable of 
being etched is formed on the whole surface of the GaN layer 31, 
and the mask 4 is etched so as to expose only the top parts T of 
the islands of the GaN layer 31. By epitaxially growing a GaN layer 
32 in vertical and horizontal directions by utilizing the top parts T, 
which are exposed from the mask 4, of the GaN layer 31 for the 
nuclei, propagation of through dislocations from the GaN layer 31 is 
remarkably suppressed. 
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^ f * * V + ^fifcfi: £ <Q # 5 1 1 l8sSffc*3Mfc£'*¥ 

'>ft< t-t i/Iond£^b^fb^-W^b$ 
9, ftiS^Jgioini^fc^^b^W^t-fS 
XHS Sr^f^>-^l-J:9, Xffiffi rt> it 5 1- b fc 
^oT^<D7KWffi?l^ Olefin < <fc 5. 

ft:WScD?g l roini&S4b^^b^*WftoTf 

©^^imt 5 <t ^ ft-^ ^ ^ zitm-t z is t , 

^ A^SW LfcSS i (DiiiJ^bi^b-g-f^ 
W^mfc & ®& ft ^ t" ? /W&ft £ * 5 IS 

III^fbf^b^^t^SKig^fe, 

*>a r. t tr«rt* 1 ^Sfi** 3 <ov 4x*» 

iqtfcfi«<oiiiiJ|*{l;«j*^-&«) i i t i»«c<Z)JSJfi*ife. 

6 1 1 75£w*« 5 ©wf 1 *t 
mxm 7 1 1 7is»*« 5 ©<^-r i *t 

[W**B8] »#:«S 5 ©v^fta»i gl- 

ials© 1 1 i»fflfl:**fls^¥*tt©l!Uft#ife»£aii x. 

[$&w©s*«iiftfftW] 

[0 0 0 1] 
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[389§©JR-f-5B:ffi#»] #SS9!tt\ III«Stfb**<b 

v--t/W&ft (ELO) III^SEft**^* 

¥m#ttt. 0S*.riAlN, GaN, InN© «t 5 ft 2 . AL 
Ga.-« N, ALIn,-, N, Ga. Im-» N (V vf 4xk0<x< 1) © 
J:5ft37cm> Al« Ga, Ini-«-» N (0<x<l, 0<y<l, 0 
<x+y<l) C0 4 7C5^Sr^bfc— i&StAl, Ga, In.-,-, N 
(O^x^l, OSygl, O^x+y^l) -CS^ftS t>©#5*> 
10 ftfc, aMHMHwfc^Ttt, WcWfefeHRO, ¥ 
k:ill««'fl3lfc3Ml2'a-«J**#fc* 5 »frtt» 

li£5fe©i£fi?] 

[0 0 0 2] HlKtt^SRfl:**^**:!*, ^Jx.tf^ 
(led)^i— ■f¥4Hr- h*(U»%<r>%ytm : f-fci&%&th 

A/tcP^IS^ttT^So *fc, t*(As)«r±l*^i: LTV^ 
ftV^ir-C, iStSffi^'b'b^^ft****- 1 ?— jR^roM 
38*s»#§ix"CV'>5. ^cDIII^'(b#)^'lb-g-* i l £ *#: 

[0 0 0 3] 

I»W*»«P»tbJ: 5 ii-5«Hl L4»Lfta«&, t7r 

rs«±^iiifl5a^b*»{b^*»^«ff s 
30 -^7r-i'Ttiii*^bfe^{b-&#! i t £ *fri:^^ 

s. i^ttJiii^roaftsiiiiiiaft**^*^*^* 

LD©BMt«i«, LDat^LEDO^JSAft^ 

©#?Wfc9*ft< fte>ftviv % 5raJH* ? *>ofc. 

[0 0 0 4] ifttov^, HI 2©«5tHT?RW-t 

7l92h Hic^w±lc^$n7till^2{b^^{b 

llf-7r^Tftt\ A-y77l9 2 t LTiiS'fbT/W- 5 
^^A(AlN)ftif^3fefflV^tlXV^„ S'lbT/U?- 
50 ^ACAlWO/^y^rS 9 2»4, ir-7r^TX«9 1 
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nmmtm%^m^Mwm * aims.*? 4 

3£kJtvrv^< 0 r.5LT, III4SS 

[0 0 0 5] #»WttJtE©RH&#i*t-5fc*fcfc3 
*t/tt©-e*>9, toifttt, JC«lE&©$8£fc8iS | J L- 

[0 0 0 6] 

*, M#JSlfc1E*©*68Mu afcK±lciII»«flS«* 
ffc^iN*ft£rcfc' ^dp.->-v^SlcJ:i9#5III^ 20 

mmm* o (-ffi^ < <t o , a*, * h 9 w 

^©AtttSil-SXet, ftttgl©* 1 OIlKiaft 

mmmt^®*Mfa<nn±.tfiBL*mt ur, sb2oii 

MSrSiSS t «> WfronilSSi'bf^b^WMt 
£ t iaStf£a«fcH6Lr£9l-t-5fc©te/8^$. 
Sg©±Ii©ISIHF£«£Wfc35t>©r-*>or, «fL 

ftffi-Ct&V\ ^©i£> J£g©l£glHCj&[g©4$l\ frffi 

£ ftfcv 19 «T<75ii*iir t mm. t -t s 0 

[0 0 0 7] |f*«2iC|5«<75%^tt, StEffi* 1 

^^^•5l-t/c^or^W7X¥WiSfI^oicfi^< «t 50 
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SCirSr^lttl-So -WttB3 0 (c) -e*>5*«*55 

[0 0 0 8] Sfc, B*«3 tia*0358Wtt. StRB*» 
^iSS*75^(-L7t^oT^cD7j<:Wffi^ 5 0(c3fi'5< £ 

5 «UK©Afc£*»J*Lfctt«"C*3-i: 
-t<5. -0SttA»-CBl3© (d) t»*>5^ * 

[0009] Sfc, Si*«4^fB«ro^WW:> #i©n 

[0 0 10] li*ll5iCfB«c©l§S^I±, -r^^^ 5 

* ^i/^X>-(W)^©ffi©ai«tt©^Srfe5 r £ 

[0 0 1 1] 6 tcK(R©38 9§ttU II* 1 ! 1 

7iS!f*Jl 5 ©f-f 1 *lc|B*©III«2ft**<k; 
^^ftrojSliit^lc J: 9 Jlj3iLfcIIlK3t<b«»*it 

{b%^4b^*^*^rfc5o 
[0012] tt**7fcK*t©»lJitt, ffljftSU 
;5MM*S 5 ©ivf *v*> 1 «fciaiE©IIl$^bt)5Mb 

[0 0 13] »*«8tE*©38Wtt, 
7JS8**« 5 ©v^-f H*» 1 iStcE«&roiii«^bft^<b 

[0 0 14] 

[flMBXiW&W©***] #«W«)Ill*Wk**ft-&* 

ww-rs. ft, iiwi2-cit afli*fti-t^fc*» 

« 1 St/'<?7rl 2 Sr^r-f-SBISr* urv^S^, 
sniMb*^b-g-t)*^S«r#S i b©r3b9, & 

« 1 y7ri2 \iL*mmc&m.<onmx°\±fo\ 
1 ©inKS[<b«*fls^«»^»*« s 1 «rfflv>r*«BJ 

[0 0 1 5] m 1 © (a) ©£ JSltOiiUJiaHfc 
^Sf^b^^-^S 3 1 Sr^itt, ^ h 

Lfc^or* ©*¥»rfl5«Ji J 0 IC5S<5< flMKKlT&fc-j- 
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■So is i mummmm^m^mwm 3 1 ± 

K^y^Wt-?*? 4*Tfr$L-fZ> (laiW (b) ) o 
1 rom^mti^b^^^ 3 1 WIS ±95T£8I 

m^-ar-s (ii© (c) ) o fticsffiufcni»iii« 

f^v-^/Wfcft;*-** (H2«) (d) , (e) ) o - 
rot$B2roiiim»*^ ! ^ i i £ «*3 2tc(i, ft 10 

m Lfcm 1 <Diimmtmmik&®>*&ft% 3 1 

/.eo-cv^ft&tf mz-&m2<D u) ©±51-) » * 
a^tt*rofc*#i e »****® c * itt " c,i * < /£ 5 10 

[0 0 161 «RiB*»6>38?*»5tLfc*«o-r*ro*V 
WrffiHtf 0 fcifi<5< i 5 ftlMKf§£ tT, ^ffi«r«« 20 
LLt#ft^fct» (0!l*.tfi2 3eO (c) ) II, 7— 

2) o 4fc, S«ffi*>6,ii^5lcLfc^o-C^<D*¥ 

ft^Aufctti («*.iiei3<D (d) ) -efcsftejtf, 
[0017] SSi ©iii^^^fc^^f* 

t $ 2 miimmt^it^ 2 ^'^ t tfmmi&X'foz 3c 

ft tf. 3§v a tf * * /W*ft lc*3l^rtfi"C #> 

[0018I -r^^^mttroAJR-c^s^-c^n 
a. is 1 roiiiKa'fbifc^k^****^ « 2 »niK* 

[0 0 19] ±fi©l8T?#&ftfclli*SMb*>*fc'fr 

(«i**6) . ±e©xs-e*e»nitiiiK*ft**<t 

[0 0 2 01 ±|BOXa-C*bn*:III«*fl5* 

t'* A'fifcft 

#3 2©M ; trott<?)I^ib / />it5;tt\ <E<t«S 

(M**8) . (Si r» ! 
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[0 0 2 1] 

f-y^Sr-TS (Bin (a) ) „ W±ttT©UWitt'h3 
vMSif&W MS 1 oill«SMfc«*<b'&**«# 
13 1 Jtl^-y^sBft-*'** 4*r«*.ri*'<y#teJ: 
V)W&-tt> (Bl»(b)). ^*?40, »1 

( c ) ) „ M±»T Sr«fflS* 4 

fflV*fc&*K<fc9lB±*6TK:-*'** 4##fcLftV*flB* 
j£Ltt>£V\ fc|C«atfc*l«)IIIi«fl2**^ 
«>f|#|3 l©TI±»TSr«i:U'C, !£2CDIIIi£g 
^5fMt^>W£3 2 fclKRtWJI*^*^*^^' 1 ' 
***** (0 2 CO (d) . (e) ) . ^t$%2<D 

^ib^^wi 3 i<on±^T©sia (s«ffiic:aii: 

ffitt) * v % is if » 2 © 1 n*S«t«*ft***J»# 

Lfct # ©]E*t»©ifitt) tt«*l^* < i* 5 r i: as-e 
[0 0 2 2] atJBEJBfc UX*«Jbfc»j«**bfc^ 

LfcIII*«IS*5W^* i i y »*** rlJB * ,i: UT> * 
H±f|5 T A»b ©^ tT v- -V <t 9 * ^ 5 11 

[0 0 2 3] ±ffi©5SMro3ll6roJKffii:l-"Ctt. * wcf5 
[0 0 2 4] S«±tIII«^bf3^^#5*^^ ,l fi 
0 ?3V(Si)» iWfc*--f *(SiO» ^.f^dJgAUO*), Zn 
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o, Mgo*©tt©«^ B B BX«, v Citify VJ*x&mt 
[oo2 5] mmmm%ik&vo¥'&frm*T&i$.-f2> 

MatttfMI««S (MOCVDXttMOVPE) # 

^i»lMa/**fe (MBE) , ^7^ Kfttfl 

fifcSft (Halide VPE) , jfctljfcftife (LPE) ^£/S^T 
[0 0 2 6] mtt^7T4TWfc±K\\l%Wkto% 

\t&®*mwmm-tzu> i§ B B B tt&<^$£*5fc*. 

rln-x-, N (OSx£l, OgySl, Ogx+ySl) , <fc D 
L<tiALGa,-« N (OgxSl) *SfflV>t>tl5. 

v\ ^y7rlroMMlt 380~420 < Co{S®-e^ 

-t-5<b<77-CtS<s a»fclOOO~1180'C©«Sffl^, MOC 
s^afcfc/Bv^C, iWftK&JRT/i'S ^^Atif^T, 

SAl.Ga, In,-.-, N (OSx^l, OSySl, OSx+ySl, ,tt 

£ fc ICS* L < (4300~500°CT'fc "3 , £ *b icS* L < it 
350~450t;-Cfo5p :jif»o^y^ ^**«>*a 
3K*«feSrfflv^fc»^^tt, /<?7rio*Stt. loo~3 
oooA^S4LV\ £ fet-S* b< rt\ ioo~40oA^a 

*l<, *-ba*L<i4, ioo~3ooA-c$>§o 

LTf±, 0iJx.tfAl.Ga!-, N (OSxSl) d>6>J5R5Ji tGaN 
tf600tJ£lT 1 lOOOt^Jt t UT^Sf-^fS * 

®il3«J£J.±»III^^fc*^^fe^*ALGa,In 

N (O^x^l, 0^y^l,0^x+y^l) SrW/l LT & 

T**>5„ WBilfct»IBJi«rlJl«lfcU-C*»«JH»*U 
[0027] ^y^rJifttriJi^iiiUia^b**^ 

III»67C*W«aj«ro-a5tt, tfn>"(B), * 
!J ?-MTl) Tt, a*(N)«Jfflfi)S-«ElJ 
ir!)y(P) % t*(Ash TV-^WSb), tf^-v^(Bi) 
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b^V>III^t:%5S{^t)^*-C& ; 5ALGa 1 -» N (0 
£z£l) r^5">>A(Al), JiV VMQ*)t.V)%>m 

10 5^i:t?*«IBWi:^t>«-C5Slc)ia*5ffl:*l 0 0 75^ 
1 0 0 0^coiflS(-*T'T(f 5- t 

<5S-&fi, *?feiiiK^t'#;*{b'a-#i^^ ( 7)2S^^ 

[0028] nm.<Dium.mtmm^^Mwm^ 

nl^«*ttTx Si, Ge, Se, Te, 
fc, pSffitSli ITtt, Zn, Mg, Be, Ca, Sr, Ba^II 

[0 0 2 9] «*±taii-f SIHKSft**^*^ 

m^W^^S^a ffi ( (11-20) I) Xlimffi 
( {1-10 0} 85) I'SK t <CS £ 5 ^ h 

[0030] iimmt^it^m^m^^-yf-^^ 

^©^SSiH 6 *^ »<t;3S*(sio.), Sfk^(si 

[oo3i] nmmt®mt&® i t'&ft<»=^v3->'y 

(RIBE) 4»a*LV^a», ttt^yff^Mffl 

k'-Axyfyy' (R I BE) {TVV~H 
50 -y h) ^fUfflt?#S„ 



9 

[0 0 3 2] MW&.&%><0-?* V (Di y^Vf-k-fhWi 
£5„ -tote, fv 5 * hSrlll&^b**^*^* 

[0033] ±m<nmmmiL<Dm\£titzinMmb® 

m-zz-kfrx'zz, 3M^§-g-fi, m%M\t^m 10 
m*#pmm (mqw) , m-m^x^mm (sqw) 

[0034] ±a<7), nmmiL<nmm^i%tz^2<Dni 
rs 2 , &i>*3§ 1 <niimmmmt-&tfo*nw- 3 1 . 

<D&mk UTfflV^5r LTii, 
[0 0 3 5 ] U*T, »M©Ai*:«l/«CltifiWf-«'3V^-CIft 

-fv>6„ 

[0 0 3 6] fcaWWIIIfcfcffcW*^****!*, 
**Mfcl»flS-&*MMflJ*ft8c («T TMOVPEJ IC 30 

(NHj) ir^r-V y Ttf-XflfoXliNj) t h U ^f"^ 
#y£i» (Ga(CH 3 )3, TTMGJ tlEI") t h V J ? 

,VT)V^=.V1» (A1(CH»)> , EAT TTMAJ tlBl") , h 
y^fvM^v^i* (In(CIb)i, BIT TTMIJ tU 
T) s v"? a^>-^^a-=.yW-7^^v">A (Mg(C 
S H S ) 2 , «T rc P! Mgj tJE-f-) -XJfoZo 

[0037] mi nmm *jom9©is«:hi 1 su 5 

t*TM8T&-a"C, Hj SrlOL/min, NH, £5L/miru TMA&2 
0/i mol/rain-C^3^-RgW^ LTAlN(0/< ^7rS2 &#J40 
nmWff£tc7IMbJt„ ft!::, -^7 7 >f T»S 1 
1 000°C U Ha £20L/min, NHaSrlOL/min, TMG&30 

0// mol/min-e^A U IIIJ?#-)2 *t mtDGaNg 3 1 SrffM L, 

[0 0 3 8] &{C, SUSttW tVf-^yfV/ (R 
I BE) SrfflV^fcaWK^-Y^yf-^i/l-if?, GaN/g 
3 1 £f0rffi<£>jK22jxnu f^fficD* £2m mW-ttff'J LH$tt 
Srlfc^fcttlSKiaiyf-^^Lfc (Hl» (a) ) . Z<D 50 
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I*, Hfc8:©»rffiro£ft*&60£-Cfcofc 0 iSSW^^fi 
10SA»fe80«isa* L < „ 3Sfcli30*!6»e>70£##* L 

U -r** 4*rJ&5fcLfc (mi co (b) ) . 
[0 0 3 9] ftic, #rffitf>j£322junu E&rffi©ffi §2/t 

9 ; m^.i. } om^v=f-y9Ltz (ii© (c) ) . 

LT\ iS5$0.5/imCDGaNJ13 lOHig&T^JtttiLfc. 
ffl, GaNil3 1C0IS±^T(C1/v?X hSrJ&fcLfcft, & 

i7^^!)7 h*7fc£*)lk&l,X. GaNl3 1©S 

[0040] wc, •y-7 7-i'T*|gico?a«*ii5ot;[c 

te*?U Hi Sr20L/rain, NHa SrlOL/mitK TMG&2,uniol/inin 
T'agAU GaWi3 1 <7)f&i£0. 5ju mWW±«JT*«i: L 
TGaN/1 3 2 SrflfcfrlfU* <t 9 ^fife L 

fc (H2C0 (d) ) „ :5ix«*i*i 1 ^^v't^ 
fttcj; 4±7J , bGaNS3 2 ^St>tt, *ffi^¥ 

li/fofe (E12C75 (e) ) . Z.(D<D-b, Ha ^20L/rai 

NHj SrlOL/miru TMG^r300 /x mol/minT^A GaNii 
3 2*^*^*. GaN/1 3 1 £GaN«3 2 fc t^f+3 m 
if $ i L/io GaNS 3 2(4, GaNS 3 1 idtLXM^iiL 

[0 0 4 1] *HJ6W"Ctt. 

^4-400*t;*-C-teT$-a:-C, HzSrlOL/min, Nft §r5L/rai 
n, TMASr20^mol/minT-^3^>M^LX^ 1 COA1NS 

(» 1 2 1 £^40nm£>J¥£ Lfc 0 & 

|C, f7r-f7l« 1 (7>raj$?rl000 < Ctw^L, Ha Sr20 
L/min, NH» SrlOL/min, TMGS:300m mol/minT'SA U M 
flQKlO. 3 mWGaNS (tflWD 2 2«Lt i^iCfi 
SSr400 t CiTig;T$-ti:T, Hi&lOL/min, NH> Sr5L/mi 
n, TMASr20/xmol/min^3^P^tt*pLT^2CDAlNS 

{%2<nmmm) 2 3 £^40nmWJ?£lCflMLfc o ft 
(C, -y-7 7^Tg«l©fi^£l000 < C(C^U H 2 «r20 
L/min, NH> SrlOL/min, TMGSr300 w raol/rain-C^AL, S£ 
ffKfi)1.5/i»OGaNJi 3 1 SrJgjsRUfc. -1 5 UT, Kffi^4 
OnmCDH 1 WAINS (fg 1 OWffiM) 2 1 , Sfff^O. 3 u m 
(DGaNiS (4>mjf) 2 2, Sl/f i^40nm<D^ 2 CDA1NS (* 
2 (Ommm ) 2 3 , llff^ l . 5 M mCOGaN® 3 1 ri> b fiJt 6 

2 0 Lfc 0 -jRWlCttlS«»H:^fBK"e*) 

"3, ^«l4¥fe a B BT-fc3o H»St*FflS*lJSI»ii 

[0042] mem i £K50ij i mmicwim^&'m » m. 

^rffiWiS; $ 1. 8 At m©«ffi| LH^tt^lcSiSil 2 0 y 
=f->9L ((3 4(7) (a) ) , 9^9*'rl/-?x9 
/<y9V>9iz-£*)mi$.Ltz (14© (b) ) 
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^•T^^^roS^aiy^^^tJ; tJGaNff 3 1 ©i$ 
£O.6Mm©M±S0>*fc«ttJ£-£fc (0 4© (c) ) . 

[oo4 3]w:, -fyr^rmmi »?a^«rii5o°c(c 

ft£20L/miru NH 3 S:10L/min, WG%2n raol/min 
-CaJfAL, GaNJ§3 l©iS5£O.50m©ig$©If±lFB&-;K 
t LTGaNjfl 3 2 Srlf*!*]^ \£9 * *s ■* jvftJSk\z. i. 9 
^ L (15© ( d ) ) , GaNJI 3 1 iGaN/S 3 2 
3/zm©Jf:§ £ Lfc (0 5© (e) ) . GaNS3 2ii, GaN 

m 3 1 \at Lxmmm&tfm t < »*. bttfc. 

[0 0 4 4] cm 3 Xlktt) SB i io 

{CfeV^T, GaNil3 1 fc»Wti-5lB, TMI£ K~7°LTGa 
N:in«3 1 £ Lfc„ 4 Vv?!7 A (In) © K-7*4«^1X 1 
0" /cm' £ Ufc. r©©*>, jm-Hll«i:BtflB«IC= 

^K±5GaN:ln«3 1 ©Tf±g|5£Sm S*, GaN©«7J 
m^t°#*i"r/^f$.-g:%ft<?tz 0 GaN:In®3 lMiL 
T«l*tRlfiS;ft LfcGaN® 3 2 HtS& 1 »W©^tii 9 t> 

[0 0 4 5] [» 4 H*^J] ft 1 t HM»IC»J* L 

fc^^±{c, ^©i9icLTE16lc^-rw-f ! ^^- 20 
— K (LD) lOO^Lft. flU GaN® 3 2©^ 
/£©&, (Sift) GaNjf3 2&->y 

=>^(Si) V—-7<D nmGaM^hrfLZm k Ltz 0 ffi, 0* 
ffiSfci-f-Sfc*, GaN/13 1, ^y^f^XNS 
tftaN/i 3 2 Sr-g-ib-it-CliitClGaN/i 1 0 3 kRM1r&. 

[0 0 4 6] t7r^f7Sffil 0 1 , AHM'-bJ&S'*?' 
77l 10 2, GaNilt ^y^f^^^i nMGaN® 
©WSLfcGaN/fl 0 3*»e>^5^3t^±tx fV** 
(Si) K — 7*©A1o.m Ga«.« N*»P>J5ft5 n^7'yKilO 
4 N v-y 3V(Si) K— ^©GaNd^J^Sn^ KS 1 0 30 
5, MQW*jg©383feS 1 0 6, -r^v^-MMg) K~ 
7°©GaNA> & jfc 3 p tf-f KJi 1 0 7 , v^->"H (Mg) 
K— 7"©A1. « Gao.« N*»bfi£5 p 9 y y KH 1 0 8 , 
-^^^v">^(Mg) K— 7*©GaNA»e>^5 p a^^^ YM 
1 0 9*&I&LtZo KkKp=iy?? hmi 0 9±IC&(A 
u)^^^lil 10A£, GaNSt n5yGaNS©2®© 
GaN® 1 0 3immtZ>-£'?-nx-y?>?LXT/VZ 

-f K (LD) 1 0 0 ©#^-»©»«tt, GaNSlO 
3©«*(S]^fc°^dr-> J S'/^ftW*©±SP"efc2>> KM 40 

ufc u-ir-v-r t-K (ld) ioo \$m?m<$aRxfm 
[0047] tms mmm: % 1 hjs^j t faj«fcj&& u 

fc^a^xjtte, *©J: 9i-LT0 7lc*-r^3t^-Y2}— • 
K (LED) 2 0 0£JBj|feL.fc. fib, GaN® 3 2 ©^ 
fig©$L >7>- (SiH,) Sr^ALT, GaN«3 2tr^D 
=i>(Si) K-y©n®GaN^bfiKSSt Lfc. W, 0£r 
ffilSt-TSfc*, GaHlSU ^^fwMS 
tfGaN® 3 2 Z^rfr^Xm^GaHm 2 0 3 tteiH-?),, 50 
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[0 0 4 8] t77^7S«2 0 L AlNj&»bj«5'<S' 
771202, GaNSt^^^^-X^^^ i nSGaNii 

©«®LfcGaNii2 o 3^?>fifes^^^±i-, vy^v 

(Si) K-7°©Alo.. s Ga..« N^fiitS n^7';Kl2 0 
4, $3t®2 0 5, •^^•>^A(Mg) K— y*<DKU« Ga 
..« ltt^fifcS p???K|20 6, -7^^v"7A(Mg) 
K-7 0 ©GaNi4^^5 p =»V** h®2 0 7£ff^L 

tz.o fc\cp h®2 0 7 ±fc:&(Au)j&»fej*5fMi 

2 0 8 A*, GaN® fc n§!GaNS© 2&©GaN® 2 0 3*5 
BlW-f-s * -c- V ^ >- ^ Lt T/V- 5 ^ tf J* (Al) & 
j£3«ffi2 0 8 B*fll$/*L.fc. ^©J:5(-LT^fiS;Lfc 
»3t^-f K (LED) 2 0 0 tt^SHfc&U^^J 
*^l : L<f6)±Lfc <> 

[0 0 4 9] [K 6 HJS^J) *HJtif«-Cf±*« t LT n 
§Jv-y ni/(Si)S«SrfflV^c„ nMv-y 3>(Si)««3 
0 1 ±(Ct&Sll50t;-C\ ft SrlOL/min, NH 3 SrlOL/rain, T 
MGSrlOO/imol/rain, TMA£rlO/imol/miru H> Jf 0. 
86ppm(' frf? § ftfc ->7 XSiH, ) SrO. 2 m mol/minT'W*& 
L, W9-2nm<D'y)) =>^(Si) K— ^©Akis Gao.. 5 
bl*6I3 0 2 1 Sr^LfCo lfc\£, R^tt^^^t'- 
(RIBE) Srffl^fcJlW K ? >f ^ y f"y 
y\z£.<0, WtS©l£j2©i|>l2Mm, S$2ium©^JLH^ 
ft^tc^s/^v^Lfc (0 8© (a) ) . mi 
H^JPH^^^^X>"^^^ 4©^ (0 8© 

(b) ) , iftR^-.y i ?-^l;i«fc , 3, Al...s Gacs N*»t> 
/&3/13 0 2 1 ©«*0.5Mm©TS±tPSrKUJ^*fc (0 
8© (c) ) . 

[0 0 5 0]&t, nffl'/J 3VM3 0 l©fi^*ll 
50tirffi^L, Ha*20L/min, NH> ^lOL/rain, TMG £r 2 ju m 
ol/rain, TMA4-0. 2Mmol/min, H» ^ IC J; •? $ flit 
->7V(SiH4)£4nirol/min-eWpU n-Al..i. Ga..«s NS 

3 0 2 1 ©iii^O. 5Mm©II±g|5Sr^i: LTn-Ak« Ga 

NI3 0 2 2*^*|S]3if^^v'ir^*^J:t>^ 
(SLfc (H9© (d) ) „ r. 5 L'rfil7J[^^t°^ d rv'-r 

as^ilirftofc©*,, H 2 *10L/min, NH. 5rlOL/min, TMG 
SrlOO/tmol/min, TMA^lO^mol/min, Hz if* \Z X "9 
§ ftfc -> 7 > (SiHO ?r0. 2 /at mol/min-Cttlp L , n-Al.. is 
Gao. 8S NM 3 0 2 2 SrfiK*^*, n-Al,., 5 Ga.. e5 N« 3 0 
2 1 tn-Alo.i. Ga,. 6S N® 3 0 2 2 » m<D0. $ i 

L/c (1219© (e) ) „ J^T, 3Mm©W§©, n-Al..,« 
Gao.K N® 30 2 1 t^y^^7y"5'77 4i: n-Alo. is G 
ao.. s NM 3 0 2 2 t ^^-t>*Tn-Alo. 18 Gao.as Nil 3 0 
2 tElfe-f £■> 

[0 0 5 1] ±fS©J:5i-nM^y =>^*t£3 0 1 (c^ 
^$^/cn-Alo.,s Gaoss N|3 0 2 ±\C~> V a^(Si) K 
-^©GaN^bfifeSn^-Y KS 3 0 3, MQW$it©3§ 
7t®3 0 4, -r^v"7A(Mg) K— 7°©GaN^»bfiK5 p 
/i-f K13 0 5, -7^v'!7i».(Mg) K— 7°©Ak™ Ga 
„.« N*» bfifeS P * 9 s> Kl 3 0 6 , t v"7 A (Mg) 
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fc„ WCp3>?^ M3 0 7±.iC^(Au)^b$5fi;tI 
3 0 8A&. */!) a^tti 3 0 HBKr^S = ?A(A 
l)*»fejfc5tt«3 0 8 B£^/&Lfc (010) . W— f 
pjX—Y (LD) 3 0 0©^S5roSW« n " A1 » ls 
Gao.,, NH 3 0 2©*#fa^**-> + >H*£«#©-t 

i5tU»*lfcl'-W*-l f (LD) 3 0 011 
3R^jMrRt«8ft$&*a s * Lfc„ 
[0 0 5 21 (|7H»J) *HJfeWetS«i: ttn 

3 0 1 tw^Snfcn-Aku Gao.»5 NJi 3 0 2 fc 
|3J«U:, nf->!)3yS64 0 1 (Cjf^^nfcn-Alois 
Gao,s Nl4 0 2O^/^fflIU »3t»4 0 3, -r 
^v^-MMg) K— 7°COAlo.is Gam. NA* P ? 9 
y m 4 0 4 £f5fi£Lfc 0 fcK P * 5 * KI4 0 4 ±K 
4(Au)i»6*5«l4 0SAS:, i/!)ayS«4 0ll 
m\C7>V % - 1> A (Al) «ffi 4 0 5 B L-fc 

(011), i©,t5tU-C»rilUfc**^*-K 
(LED) 4 0 0(i*^*#S.tJ J 5S»W*L<^-h 

L/t„ 

[0 0 5 3] (iyfV^0f) B3© (a) Oi5 

3© (b) ©J:5fcfl-tt**©«i©aiiBa*ftiii-e»fifc* 
[0ffi©ffi*fttftW] 

[0 1 1 #3SW©# 1 ©*lt«fc«5III*ft<b**<l5 
^¥agft©^X®©^#£*-tWB0« 
[0 2] *38W©* 1 ©*IWf!lt«5IIlK*flS**ft 

[03] jfwnn^9^>^^i&(r)^(om^-rm^m 

(a) (b) , mm (c) , (d) . 

[0 4 ] #38H©!B 2 ©**«tett5lIl*SEfl:**fls 

[07] 



20U 



,) a£M 2 0 0 1 - 3 4 5 2 8 1 
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[0 5] *«Wfl!>*2 0*lli«fc«6ill««fts«»*fl2 
[0 6] 4 o**«K:«*ni»i?tfls**fl: 

[0 7] **wo»5«)JI*Wt**ni*«fcft*ft 
[0 8 ] #$sw©f& e (Dnmrnimznimmimmt 

10 [0 9] 6 ©3»«lC«6IH*«fl5**fl5 

^^{£©MitXfS©&^£*1~Wffi®o 

[0io] ^^©igew^SSf'Jt-W^in*^^ 1 ^ 

It a.^, ft3§ © 1*3g £ *-f8f ffi 0 . 

[011] **W©*7©**«C*5III*>Wb** 
fc£ti^igft^7t*^©t*^£*^ ffiH ° 

[012] ilIJRfl^b**^*^**®*^"*** 
!5{i&*TWiB0» 

[$F#©i&W] 

1, 101. 20L 30 1, 40 1 S« 
20 2,102,202 '<?77l 

31 * i <Diumm\Lm%\^m^mw (!) 

32 g2romiiftft^i^ ») 

4 

1 0 3, 2 0 3 n-GaNl 

104, 204, 302, 402 n-AlGaN? y V KJ1 
1 0 5, 3 0 3 n-GaN^/-^ KS 
106, 205, 304, 403 
1 0 7, 3 0 5 p-GaNtf-f KJ§ 

108, 206, 306, 404 p-AlGaN? 5 y K* 
30 1 09 , 2 0 7 . 3 0 7 p-GaNS 

110 A, 208 A, 308 A, 405A p«*S 
110B, 208B, 308B, 405B n«ffi 



[011] 




(9) 
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